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RESULTS OF LNVES'TIGATIONS ON AN 0.02 5-6CALE 
CONFLGURATLON 140A/B SPACE SHUTTLE VEHICLE ORBITER 
MODEL (49-0) IN THE NASA/LANGLEY RESEARCH CENTER 
8-FOOT TRANSONTIC PRESSURE TUNNEL (OA?5) 
By 


M. E. Nichols, Rockwell International 
ABSTRACT 


This report documents results of aerodynamic force and moment testing 
conducted on an 0.015-scale Space Shuttle Vehicle Configuration 140A/B 
model (49-0) in the NASA/Langley Research Center 8-Foot Transonic Pressure 
Tunnel, from 17 to 21 September 1973. 

The test was carried out at Mach numbers 0.35, 0.60, 0.80, 0.90, 0.98, 
and 1.20, and at Reynolds numbers ranging from 1.90 x 10°/foot to 2.97 x 
10°/foot, depending on tunnel total pressure capability and model struc- 
tural limits. 

The model attitude was varied in angle-of-attack from -2° to +22° at 
O° end 5° angles of yaw, and in angle-of-sideslip from -5° to +10° at 0°, 
7.0 s Be. 15° “angles-of ‘piten: 

The purpose of this test was to establish and verify longitudinal 
and lateral-directional characteristics of the 140A/B Configuration Orbi- 


ter and to determine the effects of surface deflections on vehicle per- 


formance, stability, anu control. Component buildup was also carried out 


to determine incremental effects of various parts on vehicle aerodynamic 
characteristic’. 
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SYMBOL 
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NOMENCLATURE 
General 


DEFINITION 


speed of sound; m/sec, ft/sec 





pressure coefficient; (py - peo)/a 


Mach number; V/s 
pressure}; N/m=, psf 


dynamic pressure; 1/20", N/m, 


psf 


unit Reynolds number; per m, per ft 


velocity; m/sec, ft/sec 

angle of attack, degrees 

angle of sideslip, degrees 

angle of yaw, degrees 

angle of roll, degrees 

mass density; kg/m, slugs/ft2 
Reference & C.G. Definitions 

base arcu: me, fte 

wing span or reference span; Mm, 

center of gravity 


reference length or wing mean 
nerodynamic chord; m, ft, 


” 
wing area or reference ares; ™, 


moment reference point 
moment reference point on X avis 
moment reference point on Y axis 


moment reference point on Z axis 


base 

local 

static conditions 
total conditions 
free stream 
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DEPINTTION 


normel force 
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side-for-e coeffict nt; Side force 
Qo 


; 24 bas : 
busteror-e coefficient: SeEcpeclcl ses 
75 


“Ay (py > Pa/e 


Corebody axial force coeffiviont, Cy - hp 


pitchin. -noment coefficient; pitching moment 
qs REF 


youtmeremoment coefticlent; yowing me oe 
qe 


awn 
rolling-moment coetfictent: roatene momen’ 
1 


ctibllity-Axic oystem 


1325 Coet ficient: esas 
an 


drag coefficient; one 
qo 


bise-drig coefficient; pase One 
Yeo 
forebody drag coerricients Cp - Cp 


side-force coeffictent; Side force 
Chas 


pitching-moment coefficient; piteatng monent 
lary 


yorbnesemonen coerrictent: young omen 
‘ye 


rolitnet-moment coeftteient: rons moment. 
is 


Litt-to-driug rs‘io: CC 


lift to forebouy drag ratio: C1! Cpe 
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OYMBOL 


CmPWD 


“marp 


ACy 
ACa 
ACAD 
ACAg 
ACy, 
ACp 
ACpp 
ACmryn 
Gna pp 
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SYMBOL 


CLMFWD 


CLMAFT 


DCN 


DCA 


DCAB 


DCAF 


DCL 


DCD 


DCDF 


DCMFWD 


DCMAFT 


DCY/DB 





NOMENCLATURE (Continued ) 


ADDITIONS TO NOMENCLATURE 


DEFINITION 


pitching moment cocificient ssout forward center 
of gravity. 


pitching moment coefficicr °°... a°t center of 
gravity. 
incremental normal force cc'i 7° »:::, argebraic 


difference of two runs. 


incremental axiat force coefficient, algebraic 
difference of two runs. 


incremental base axial force coefficient, algebraic 
difference of two runs. 


incremental forebody axial force coefficient, 
algebraic difference of two runs. 


incremental lift coefficient, algebraic difference 
of two runs. 


incremental drag coefficient, algebraic difference 
of two runs. 


incremental forebody drag coefficient; algebraic 
difference of two runs. 


incremental pitching moment coefficient about 
forward C.G., algebraic difference of two runs. 


incremental pitching moment coefficient about 
aft C.G., algebraic difference of two runs. 


side force coefficient derivative with respect to 
beta. Algebraic difference of the side force coef- 
ficient of two runs divided by the algebraic diffe:- 
ence of the side slip angle of the runs; per degree. 
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CADSAC 
StMBOL CYMBOL 
Che DU BLDB 
Cre DCYNDB 
Cy p CYBEIA 
Chy CYNBET 
Cha CBLBET 
ASC 


Apl ,Ab2,++ Abs 


CAsc CASC 
Cp, CPB 
Cea CPSC 
Xop/e XCP/L 
P P 

Pm PT 

L, TT 
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NOMENCLATURE (Continued) 


DEFINE TION 

rolling moment coerfricient derivative with respect 
to bota. Algebraic difference of the rolling moment 
coefficient of two runs divided by the algebraic 
difference of the side slip angle of the runs; body 
axis system; per degree. 

yawing moment coefficient derivative with respect 
to betu. Algebraic difference of the yawing moment 
coefficient of two runs divided by the algebraic 
difference of the side slip ongle of the runs; body 
axis system; per degree. 


derivative of side force coefricient with respect to 


beta (beta = +5°); per degree. 


derivative of yawing moment coefricient with respect 
to beta (beta = +5°); per degree, body axis system. 


derivative of rolling moment coefficient with respect 
to beta (beta = +5°); per degree, body axis system. 


sting cavity area. 
base arena at stations 1 through 5, respectively. 


Sting-cavity axial-force coefficient. 
base pressure coefficient. 
Sting-cavity pressure coefricient 
normal force center-of-pressure. 


freestream static pressure, PSF. 


freestream total pressure, PSF. 


freestream total temperature, °R. 
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ELEVTR 


AILRON 


BDF LAP 


OPDBRK 


RUDLER 


DELVTR 


DSP BRK 


DBDFLP 


DBETA 


NOMENCLATURE (Concluded) 


DEFINITION 


left elevon surface deflection angle, positive 
deflection trailing edge down; degrees. 


right elevon surface deflection angle, positive 
deflection trailing edge down; degrees. 


elevator surface deflection angle, positive 
derlection trailing edge down; degrees (Ser + § 


ep)/2- 


ailron defiection angle, positive deflection 
trailing edge down; degrees Ce. - Sop )/2- 


body flap deflection angle, degrees. 
speedbrake deflection angle, degrees. 
rudder deflection angle, degree». 


algebraic difference of elevon deflection between 
two runs, degrees. 


algesraic difference of speedbrake deflection 
between two runs, degrees. 


algebraic difference of body flap deflection 
angle between two runs, degrees. 


algebraic ditference of sidesweep angle between 
two runs, degrees. 
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CONFIGURATIONS INVESTIGATED 


The 6.915-scule Orbiter model was per Kockwell configuration centred i 
drawings VL70-000L4uaA aud VL70-0001/0B and is referred to cs the 140A/B 


configuravion. The nose, aftbody, and vertical tail were made per VL‘uU- 


OQOO1CA lines, whereas the mid-body and wing were per 140B lines. 

The model vas constructed of Armco 17-4 stainless steel to meet re- 
quirements for a loads safety-factor of 5 based on ultimate strength and 
3 tased op yield strengtn. 

The model was mvurntved on the NASA/LRC #832D force-moment internal 
sthiain-gagé busance and the 8-fvot TPT #14 straight sting. 

The wing, OMS/RCS pods, and vertical tail were removable. Off-blocks 
were alro provided. Brackcis were provided to obtain elevon deflections of +30 
to #15 degrees, aileron setvings of © and +10 degrees, bodyflap settings 
of -c0.7. O, and 10.3 degrees, speedbrake settings of 0, 25, and 55 de- 
grees, and rudder deflectiors of 0 and -10 degrees. 


Total Orbiter Configuration: 


re = Bog Cy B56 eo M, Nog R. Vp W416 
Component Definition 
Beg Fuselage per Rockwell lines VL70-O00140A and 
VL70-OCO140B (Model Drawing SS-A00147) 
Cy Canopy ver Rockwell lines VL70-O00140A and 


VL7O~000143A (Model Drawing SS-A00147) 


tog Elevons per Rockwell lines VL70-000200 (Model 
c. Drawing SS-A00148) 


Bodyflap per Rockwell lines VL70-000200 (Model | 
Drawing &S-A00147) 
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M UMS/RCS pods per Rockwell lines VL70-000145 
(Model Drawing SS-A00147) 


OMS engine nozzles per Rockwell lines VL70-000145 


Nao 
os (Model Drawing $S-A00147) 
R. Rudder per Rockwell jines VL70-O00146A (Model 
: : Drawing, 5S-A00148) i 
| 
Ve Vertical tail per Rockwell lines VL70-000146A | 
m (Modle Drawing SS-A00148) 
W316 Wing per Rockwell lines VL70-000200 (Model Drawing 


SS-A00148) 


The model was tested in toto without OMS/RCS pods, without wing 
and vertical tail, and without vertical tail. 


A detailed description of the model components is given in Table III 
and Figure ec. 
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TEST FACiLIVY 


The NASA/Langley Research Center 8-Foot Transonic Pressure Tunnel 


rt 
tf 


an air-medium facility capable of attaining continuously variable Mach 


numbers from 0.20 to 1.30. It is a single-return closed-circuit tunnel, 


having controlled stagnation temperature, total pressure, and dew-point 


temperature. The test section is 7.1 feet square. Keynolds numbers are 


variable from 0.30 x 10°/foot to [.00 x 10°/foot, depending on Mach number 


and tunnel total-rressure limitations. Models are supported in the test 
section by means of a sting-sector system, in general, but wall-mounting 


is possible. Schlieren photography is availabie for flow and shock-wave 


studies. 
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DATA REDUCTION 


Force and moment. data is reduced to coefficient form in both body 
and stability uxis systems. Base and cavity pressure adjustments are 


applied. 


Base Pressure Coefficient | 


rd 
Oo 

| 

rd 

a2) 
om 
o 


| 

tl 

a 
| 


oO 


n = ———we— » Where PL = 
P qx 


ina 
i 


pte 


a P ; 
es where P is sting-cavity pressure 
P qe SC 


hao = ————-——— * where A,, is sting-cavity area 
To © and S is the wing reference area 


Fuselage Base Axial-Force Coefficient 


C + C A 
C PS Ay Poo SC 


i aes S 


Normal Foree Center-of-Pressure 


Xog On . 
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DATA REDUCTION (Continued) | : 


where Aras In tne longitudinal distance from the model nese {fe the 
4 


moment reference center, om is the pitching-moment coefficient, bn is 


ncermal-force coefficient, pf is the refererce body length, and ¢ is the 


REF 


mean aerodynamic chord of the wing. | 


Reference Dimensions and Constants 


oymbol Definition Value 
A, Total base area (excluding vavity) 0.0615 ete 
+ ea 
Pei 52 Hae 

: 2 
Any Base area associated with Pol 0.0108 ft 
Ayo Base area associated with Pio 0.0201 rte  . 
An3 Base area associated with PO3 0.0103 £t< 
AL), Base area associated with Pou O-017o- et; 
Ans Base area associated with Pos 0.00278 £t< 
Aan Sting-cavity area 0.03409 £2° 
db Reference wing span Let {tt 
Cc Reference MAC 0.5935 ft 
| oe Reference body length 1.613 ft 
S Reference wing area 0.60525 rte 
Xug Longitudinal length, nose to moment 12.774 in 


reference center 


is : \ 


| 
: 
| 





DATA REDUCTION (RMoncluded ) 


Lateral length, plane of symmetry to moment 
reference center 


Vertical length, FRP to moment reference 
center 


15 


0.000 in 
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TABLE I 










TEST ! op DATE $ 


9-17-73 














TEST CONDITIONS 
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATUR 
MACH NUMBER (per ft ) | | (degrees Fahrenheit) 
SE aa arene ere a ee SATS) NARS ATS SEI) CEI DPS IE ADE REN IIT ENR ENE 
0.35 1.90 x 10° 120 


167 psf 
80 
0.90 x 


0.98 

0.98 | 3.82x10° | ro per 
1.20 
120 3.97 x 10° B82 p 


BALANCE UTILIZED: _s NASA/TRC #83200 


FFICIENT 
CAPACITY: ACCURACY: SOIESANEE. 
NF 1000 1b 
$f 250 lb 
soe 


ih 


i 
II 





COMMENTS: Model was also instrumented with 5 base and 2 balance 
cavity pressure orifices. 
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TABLE ITI. 


TEST RUN NUMBERS 
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PARAMETERS/VALUES 
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DATA SET/RUN NUMBER COLLATION SUMMARY 
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CONFIGURATION 










DATA SET 
IDENTIFIER 
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COEFFICENTS 


NOV 


tOVAR (2) 


1OVAR (1) 





£0, 42, LBA S6,/§, ZO, EZ 
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SCHEOULES 








(Concluded ) 


TABLE II. 







DATA SET/RUN NUMBER COLLATION SUMMARY 





TEST RUN NUMBERS 
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TABLE IIJ.. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - Be 
GENERAL DESCRIPTION: Configuration 140A/B Crbiter. Fuselage 


NOTE: Bar identical to Boa _excent underside of fuselage refaired to 


Se Ee ie arp pea ae are, A 





PS TT senate 


accept "Y1G" 


Model Scale = 0-015 = Model Drawing No. SS-A00147 | 
. VL70-070193 | 
DRAWIKG RUPBER: VL70-COCLIOA 
DIMENSIONS : FULL-SCALE MODEL SCALE 
Length (Rody Fwd Sta X, = 235) - in. 3293.3. 19.W00- 
Max. Width (at X= 1520) - in. te Oeee _ 393 
Max. Death (at X, = 1464} - in, 250.0 3.75 | 
, | Fineness Ratio 0, 24357 _0,06357 
Area - ft? 
| Max. Cross-Sectional __ 340. 88462 0.07670 
Planform | 77 ae 
Hetted 7 
Base ee | 
2 19. 





TABLE III. = Continued. 
MODEL COMPONENT: ClUGIY = e545 


GENERA! DESCRIPTION: Configuration 140A/B Orbiter Fuselage 


SS a | me 








wre 




















4 — cra tre 
POE. ee 0.012 Model Drawing Ko. SS-A00147 | 

¥L70-O901400, | 

ke DRAWING NUMBER _ EN IG000 2 , 


DIMENSION: | | FULL SCALE = MODFL SCALE 


Length (% =1,24.645 to 670) 235.357 3.530 


Mox With (7. ¥0=533.227) vol Debio 2.286 
Mox Depth (% X574%5.9) 29.000 0.375 


are 

















Fineness Ratio 





Area 


Mox Cross-Sectional 


Plonform 
Wetted 3 
Base 
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TABLE III. ~ Continued. 


SODEL COMPONENT?! vecte thee - Re 





GEINERAL DESCRIPTION: ca eae st 140A/B Orbiter Body Flap 


hen’: Hinge line located at Xo = 1528.3 


ewes +62 
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ee er 


eh Beene = LOLS Model Drawing No. SS-A00147 
DRAWING NUMBER  VEIG-OOTUC A VETC-CCOLRS 


DIMENSION: | | FULL SCALE = MODEL SC4.5 


Length“. Le wm ¥ gr i613) ae ae 93 «OG. so i. 395 Pee Ona 
Mox Width - I". 262.0% 3.99 





rn 


Max Dapth (4, = 1heo) - In. 23.000 0.34 


Fineness notio 


i ) Ey oe ower @. See 
/nraa ~ fe 
Max Cross-Sectional 








Plonform 142.6 0.321 
Wetted 
Base 
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TABLE III. - Continued. 
MOOEL COMPONENT: OM? POD - M7 
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GENEPAL DESCRIPLION: Configuration 140A/B Orbiter OMB-Pod 
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MODEL SCALE: 0.015 Model Drawing No. SS-AQOL4‘7 
VL70-O001L40A | 

DRAWING NUMBER: VL7O-O001"5 _ 

DIMFNSIONS: FULL SCALE MODEL SCALE 
Length (OMS Fwd Sta X5 = 1233.0) - IN. 327.000 4.905 
Max Width (@ X% = 1450.0) - IN. 94.5 __ 3.418 
Max. Depth (@ X, = 1493.0) - IN. 109 .000 1.63% __ 
Area 


Max Max Cross-Sectional 


Planform 


Wetted 


Base 
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MODEL COMPONENT: OMS Nozzle (Nog) 


GENERAL DESCRIPTION: Configuration 140A/B Orbiter OMS Nozzle 





MODEL SCALE: 0.015 _____ Model Drawing No. SS-AOOL47 


DRAWING NO.: VL70-O001404 
DIMENSIONS: FULL-SCALF MODEL SCALE 
Mach No. 
Length ~ In. 
Gimbal Point to Exit Plane 
Tnroat to Exit Plane 
Diameter ~ in. - 
Exit 
Throat 


Inet 















hreaw~ ft© 
Exit 
Throat 


Gimbal Point (Station) ~ in. 








X 1518.0 22.7] 

Y + 88.0 i. 32 | 

Z 492.0 - 7.38 : 
Null Position ~ deg. | 

Pitch 15° 4g! 15° kg! 

Yaw (Outboard) 12° 17' 12° 17' ; 
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_ TOTAL DATA. im 


OP IT LEP QS « 
Area vaineo.) = Pt 





- W.?, of .25 MAC 
BL. Of .25 WAC 
EXPOSED DATA 2 
Area (ined) = Ft 
Soan, {Theo} In, BP10% 
Aspect Ratio ' 
Taper Ratio 
Chords 
Root BPI08 
Tip 1.00 b 


MAC 
Fus. Sta. of .25 MAC 
WeP. Of »25 MAC 
a - BuLe of .25 MAC 
Airfoil Section (Rockwell Mod NASA) 
XXXX-64 
Root b = 


Tf b 
Dp 8 
2 


Nata tor (1) of (2) Sides 
Leading Edce Cuff » 
Dianform Area = Ft 
Leading Edge Intersects Fus M. L. 9 Sta 
leading Edgn Intersects Wing @ hen 
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MODEL COMPONENT: VEPTTOAL oy 


GENE RAL DESCRIPTION: 


ba 1 D } IT ry 
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fOTAL DATA 
Area (Theo) Fe? 
Plan form 

pen (Theo) In 

Aspect Ratio 

Rate of iaper 

Teper Ratio 

sweep Back Angics, degrees 
Leading Ecco 
Trailing Eceo 
0.25 Element Line 

Chords: 
Reot (Theo) wp 
Tip (Theo) 2 
MAC 


Fus. Sta. of (25 MAC 
We P. of 625 Mac 
Be. LL. of (25 mac 
Airfoil Section 
Leading Weden Angle Deg 
Trailing aides Angle beg 
Leading Eaoe Radius a oe oe 
Void Area 
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FULL -SCALE 


413.253 
itt 
RL Gee, 


L875 
0.507 
[a 


O.L036¢ 
eee ae 


POE. 5X) 
Glow ae 

1 ToS 

7] CQ sry BL 

. ae 

MEG Oa 
635,199 

OLD 


10.00 


097 


2.02 
women, dy ee 
nnn Pats a 


O90 









21.952 
iJ ee: 
20.00 
eh ah a 
0.0 
0.0029 





TABLE III. - Continued. 


MODEL COMPONENT; — EEOVON - Eg | 


GENERAL DESCRIPTICH: Configuration 140A/B Elevons 
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Span (equivalent) 

Inb'd equivalent chord 
Outb'd equivalent chord 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
-,, »» Leading Fage 
ce’ Tailing Edge 
Hingeline 


Area Moment (Normal te hinge line) 
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MODEL COMPONENT: RUDDER - R5 
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\ GENERAL DESCRIPTION: 2h, 3 and 3A Configuration per Rockwell Lines 
| | i er? : 
—___WE70-000095 ) 
Model Scale = 0.015 
DRAWING NUMBER: _VL70-000095 ! 
; | 
DIMENSIONS: | FULL-SCALE MODEL SCALE : 
Area - FT? 106.38 0.0239 
Span (equivalent) - IN. 201.0 3.015 
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Outb'd equivalent chord 50.833 0.762 


Ratio movable surface chord/ 
total surface chord 
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